OBJECTIVES: Herpes zoster is characterized by acute neuritis and post-herpetic neuralgia. Currently, data concerning the zoster-associated impact on quality of life and healthcare resource utilization in Brazil are scarce. This study measured the zoster-associated burden in a Brazilian population. METHODS: This was a prospective, observational, single-cohort study conducted in a primary hospital's emergency room in Sã o Paulo, Brazil. Patients enrolled at various timepoints during a zoster episode were followed over 180 days. The Zoster Brief Pain Inventory and the Initial Zoster Impact Questionnaire assessed zoster-associated pain. The EuroQoL assessed the impact of herpes zoster and/or zoster-associated pain on quality of life. Healthcare resource utilization was assessed by patient-reported questionnaires. RESULTS: One-hundred forty-six zoster patients were enrolled [mean (SD) age of 69.9 (10.9) years]. Mean (SD) worst pain scores decreased from 5.3 (3.5) at baseline to 1.9 (3.0) 180 days following rash onset. Mean (SD) EuroQoL scores significantly decreased from 0.9 (0.2) before rash appearance to 0.7 (0.2) after rash onset (po0.001), followed by gradual improvements in quality of life over 180 days, with pre-herpes zoster quality of life achieved at the end of the observation period. The majority of patients purchased prescription medications (89.7%) and required doctor's office visits (65.8%) for zoster episodes. CONCLUSIONS: Herpes zoster is associated with a significant disease burden, including zoster-associated pain, impaired quality of life and increased healthcare resource utilization in Brazil. These results support the implementation of early intervention and prevention programs such as vaccinations to reduce the herpes zoster-associated disease burden in Brazil.
' INTRODUCTION
Herpes zoster (HZ), also known as shingles or zoster, is caused by the reactivation of the varicella-zoster virus (VZV) in sensory ganglia after a latency period following an initial infection with varicella (1) .
The most significant features associated with HZ are a blistering dermatomal rash, pain, acute neuritis and, later, post-herpetic neuralgia (PHN) (2) . PHN has been known to cause disordered sleep, chronic fatigue, anxiety and severe depression. Studies have shown that HZ can severely affect elderly patients' functional capacity and quality of life (QoL) at levels comparable to the effects of incapacitating comorbidities such as cardiovascular disease, diabetes and respiratory illnesses (3, 4) .
PHN is characterized by tender, burning, throbbing, stabbing, shooting and/or sharp pain persisting for months or years, which may lead to emotional distress. The manifestations may be constant or paroxysmal as minor stimuli to the affected skin may trigger allodynia. At least 90% of patients with PHN experience allodynia, and it is generally one of the most distressing and debilitating type of pain (5) . Pain has been shown to persist for more than 3 months and for more than one year in 30-50% and 20% or more, respectively, of elderly patients with PHN (6) .
In the United States, the incidence of HZ has been reported to be 10-20% in the general population (7) and 60-70% among individuals older than 50 years of age (8) .
Currently, published data are limited concerning the clinical characteristics, disease severity and health care resource utilization (HCRU) related to HZ in Brazil. Given the aging Brazilian population, the HZ disease burden will increase in the near future. A thorough understanding of the Brazilspecific HZ burden and associated HCRU would help assess the potential impact of a HZ vaccination program in Brazil. The aim of this study was to measure the HZ disease burden, assess the impact on QoL and determine the HCRU due to HZ episodes in a Brazilian population.
' MATERIALS AND METHODS

Study design
The present study is part of the international MASTER (Monitoring and Assessing Shingles Through Education and Research) study conducted in 8 countries (Canada, Brazil, Costa Rica, Mexico, Argentina, Taiwan, South Korea and Thailand) aimed to assess the disease burden associated with HZ and PHN (12) (13) (14) (15) (16) (17) . Within Brazil, this was an observational, prospective cohort and prevalence study of patients presenting with zoster-associated pain (ZAP), including acute pain during HZ episodes and PHN in an emergency room in São Paulo, assessed by one geriatrician. As patients were recruited at various stages of their zoster episode and were followed for 6 months thereafter, the cohort was considered both prevalent and prospective.
Review board approval was obtained in compliance with local law. The study was conducted in accordance with the International Conference on Harmonization Guidelines for Good Clinical Practices and the tenets of the Declaration of Helsinki. Eligible patients who provided written informed consent prior to cohort entry were included in the study.
Study population
Patients were prospectively recruited between May 2008 and October 2009 and entered in the cohort at the time of presentation with HZ rash or ZAP symptoms.
Up to 120 patients from a public primary hospital's emergency room (ER) were planned to be recruited in the study. Patients were part of the nation's Unified Health System, the 'Sistema Único de Saúde' (SUS). Incident cases were defined as patients recruited for a current HZ episode with a duration of less than 7 days. Prevalent cases were defined as subjects enrolled while visiting an investigator for a current HZ episode with a duration of more than 7 days and for which the rash onset had been recorded in the patient's medical records. Disease onset was defined according to the HZ rash onset date.
Patients were required to be at minimum of 50 years of age at the HZ rash onset date and to have a diagnosis of HZ rash or ZAP (acute pain or PHN) confirmed by a physician. Patients were further expected to have telephone contact and be capable of completing the patient questionnaires, understanding the trial and the content of the informed consent, participating in the study by signing the consent form and being available for the follow-up period of the study.
Study schedule
Following the baseline assessment (day 0) conducted at the ER, nine additional assessments were performed on days 7, 14, 21, 30, 60, 90, 120, 150 and 180 following study enrollment. The follow-up period lasted six months, and the same schedule was followed for all patients regardless of their disease stage at enrollment. Data were obtained by telephone contact.
Outcome measures
Burden of disease due to HZ pain was assessed as a function of pain duration, and severity was measured by the Zoster Brief Pain Inventory (ZBPI) and by the Initial Zoster Impact Questionnaire (IZIQ) (18) . The ZBPI and IZIQ are zoster-specific questionnaires based on the Brief Pain Inventory (BPI), the latter of which has been validated in a Brazilian population (18, 19) . PHN was defined as the worst pain in the last 24 hours being scored at least 3 on a 0-10 scale, where a score of 0 represents no pain and a score of 10 represents the worst possible pain, after a minimum of 90 days since rash onset. The EuroQoL (EQ-5D) assessed the impact of HZ and/or ZAP on QoL, with higher index scores indicating a better QoL (20) . Patients completed the EQ-5D questionnaire twice, once at baseline, in order to capture the initial QoL, ZAP or PHN, and again during their HZ episode. The EQ-5D questionnaire was further administered at each follow-up assessment date. Latin America weight coefficients were used to provide population-specific preferences for the health states defined by the EQ-5D (20) .
Patient-reported HCRU was assessed with the aid of a simple questionnaire administered at each visit. Patients provided information about the health care services utilized due to HZ rash or ZAP since their last visit. HCRU included visits to the ER and admission to a hospital, as well as the use of other health-related services, including use of an ambulance or nursing service, visits to a doctor's office, physiotherapist/ rehabilitation, psychiatrist/psychologist/counselor and visits to a specialist.
Out-of-pocket expenses for health care, including fees for prescription, over-the-counter (OTC) and alternative medications were recorded in a healthcare cost questionnaire. The Work and Productivity questionnaire measured indirect costs, including the number of missed work days by patients or caregivers, duration of extended sick leave, and duration of disability from HZ or ZAP episodes since the last visit.
Statistical analysis
Descriptive statistics were produced for all variables studied. For continuous variables, measures of central tendency (mean) and dispersion (standard deviation (SD)) were reported, and frequency distributions were produced for all categorical variables. A paired-samples Student's t-test was used to assess the change in QoL from baseline following HZ rash appearance. The level of statistical significance was set to 0.05. All statistical analyses were performed using the Statistical Analysis Software (SAS Institute, Cary, NC, USA).
' RESULTS A total of 146 eligible patients were enrolled in the study. During the follow-up period, 139, 137, 138, 142, 146, 144, 143, 145 and 144 patients completed visits at days 7, 14, 21, 30, 60, 90, 120, 150 and 180, respectively. Table 1 presents the socio-demographic and baseline disease characteristics of the cohort. The mean (SD) age was 69.9 (10.9) years old. The majority of patients were female (64.4%), Caucasian (78.8%) and retired (47.3%). The most common highest level of education was primary/elementary school (47.3%) (Table 1A) .
At baseline, 78.1% of patients presented with a HZ rash. The most common affected primary dermatome was the thoracic region (38.4%), followed by the cervical (15.1%) and lumbar (13.7%) regions. Nearly half of patients (48.6%) presented with 1 to 20 lesions in the primary and adjacent dermatomes (Table 1B) .
Prior to HZ rash onset, 54.1% of patients experienced ZAP, with mean (SD) worst and average IZIQ scores of 7.4 (2.5) and 5.8 (2.5), respectively. Following HZ rash onset, 91.1% of patients reported ZAP, with mean (SD) worst and average IZIQ scores of 8.6 (7.2) and 5.5 (2.5), respectively. Approximately half of patients (49.3%) experienced PHN. Among the 140 (95.9%) patients who received HZ treatment, the most frequently utilized medication types included analgesics (34.2%), antivirals (27.4%), topical treatments (21.2%) and other therapies (44.5%) (Table 1B) . Figure 1 presents data for ZAP experienced in the last 24 hours over time. The mean (SD) worst ZBPI scores decreased from 5.3 (3.5) at baseline to 1.9 (3.0) at day 180. Similarly, the mean (SD) average ZBPI scores decreased from 3.8 (2.8) to 1.3 (2.2) over the 180-day period. Figure 2 illustrates patients' QoL over time as represented by EuroQoL index scores. A statistically significant (po0.001) deterioration in QoL was observed prior to and immediately following rash onset, with mean (SD) EQ-5D index scores decreasing from 0.9 (0.2) to 0.7 (0.2), respectively. Furthermore, EQ-5D index scores significantly (po0.05) improved between baseline and days 7 to 30. More specifically, mean (SD) index scores gradually increased from 0.7 (0.2) immediately following rash appearance to 0.7 (0.2) at day 7, 0.8 (0.2) at day 14, 0.8 (0.2) at day 21 and 0.8 (0.2) at day 30. Although QoL further improved between days 60 and 180, results were not significantly different, with baseline values prior to rash onset (p40.05). Table 2 summarizes the HZ-related HCRU and healthcare costs from rash onset to day 180. The most frequent HCRUs were visits to the ER (67.1%), followed by visits to a doctor's office (65.8%), nursing services (30.8%), and visits to specialists (19.9%). Among patients who utilized health care resources, the highest mean number (SD) of visits were to specialists' offices, with 5.7 (12.1) visits during the observation period, followed by the number of visits to doctors' offices [3.5 (6.6)] and the number of times nursing services were used [3.3 (5.6)]. Among hospitalized patients (8.9%), the mean (SD) number of days spent in the hospital was 5.8 (9.0) days. The proportion of patients who purchased prescription, OTC, and alternative medications was 89.7%, 43.2%, and 2.1%, respectively. Among users of purchased medications, the average cost was 567$ BRL for prescription medications, 95$ BRL for alternative medications and 21$ BRL for OTC medications. Nearly half of patients (45.9%) needed caregiver assistance during HZ episodes, while 38.4% reported that family members missed work while taking care of patient, 8.2% of patients required an extended sick leave for a mean (SD) of 42.8 (42.9) days. In addition, 19.9% and 7.5% of patients missed a mean (SD) of 45.3 (41.3) and 13.8 (19.6) full and partial work days, respectively, due to HZ-associated disease burden.
' DISCUSSION This study assessed the disease burden, impact on QoL, and HCRU associated with HZ in Brazil. Limited HZ epidemiological findings have been reported in Brazil. However, in a Brazilian study conducted by Castro et al., where medical records of child and adult patients were obtained from a dermatology clinic, the reported incidence rate was 5. To our knowledge, this is the first study to prospectively assess the disease burden related to HZ in Brazil. Overall, HZ was associated with significant impact on pain, QoL and HCRU. As reduced immunological activity may increase the AAB, alcohol extract of Achyranthes bidentata; HZ, herpes zoster; SD, standard deviation. 1 Based on available data: n=63. 2 Measured with the Initial Zoster Impact Questionnaire. Pain score scale: 0, no pain; 10, worst pain. 3 Based on available data: n=133. 4 Defined as ZBPI pain scores of at least 3 at least 90 days following rash onset. 5 Patients may have reported the use of more than one analgesic. 6 Each patient was counted once per medication type. 7 Including antacids, hormones, antihistamines, anti-hyperuricemics, chemotherapy, anticoagulants, anti-arrhythmia medications, asthma medications, diuretics and hypoglycemic agents.
risk of HZ development among individuals with latent VZV (15) , resources should be provided to improve HZ prevention and management, especially as 16.5% of the Brazilian population was older than 55 years of age in 2015 (23).
The study results show the considerable and rapid impact of HZ on patients' QoL, as illustrated by the highest mean ZBPI pain scores and lowest EQ-5D QoL index scores immediately following HZ rash appearance. Although pain generally decreased over time, a negligible improvement of pain was reported during the first 14 days (days 0 to 14) following rash onset. Moreover, pain did not entirely subside at the end of the study, illustrating the long-term pain and lengthy recovery associated with HZ and PHN.
The prolonged duration of pain is highlighted by the important subset of patients with PHN (49.3%), particularly as the mean (SD) pain duration of 143.1 (440.2) days was longer than the 90-day established threshold of PHN. Nonetheless, the large SD of the mean duration of pain illustrates the high degree of variability in the cohort with respect to the duration of ZAP.
The gradual decrease in pain was correlated with an improvement in QoL during the 180-day observation period. Significant changes in EuroQoL scores were observed between baseline and all visits within the first 60 days following HZ onset. However, this significance was lost from days 60 to 180 when compared to pre-HZ values, Patients reported substantial HCRU during the 180-day observation period, in agreement with the high levels of reported pain associated with HZ. As patients were recruited by the study investigator in an ER, a higher rate of ER visits as opposed to family doctor consultations (65.8%) was expected. Moreover, although only 20% of patients visited a specialist, the total number of visits were the highest observed in this study [mean (SD): 5.7 (12.1)]. This may be due to the high subset of patients with PHN under the assumption that patients with the most severe cases of HZ would require multiple consultations with specialists to alleviate their long-term symptoms. With respect to Latin America, unpublished surveys conducted by the Foundation for Infectious Diseases evaluating outpatient visits between 1993 and 2005 in Argentina reported a total of 803 HZ cases among 154,392 ambulatory consultations. Of the 302 patients with HZ between 2000 and 2005, complications arose in 20% of patients, and this rate was highest among those older than 50 years of age. Moreover, the most common complication was PHN, which was experienced by 13% of patients, followed by bacterial superinfection (5%) and ophthalmic complications (2%) (27) .
Currently, HZ and PHN prophylaxis and treatment present an important unmet global need, and Brazil is no exception. While the preponderance of patients (95.9%) received HZ treatment, only 29.3% received antiviral therapy, the current standard of care in HZ management (2) . This may be due to limited coverage by regional health policies of the Unified Health System (28) . These assumptions are substantiated by the high utilization of antiviral therapies in studies conducted in Italy (91.5%) (26) , Canada (88.9%) (13) and South Korea (52.3%-67.6%) (15, 29) . Additionally, although famciclovir has shown increased efficacy in reducing PHN duration (30) , no patients utilized this medication in the present study. Physician or patient preference may have impacted the utilization of certain drugs. As PHN was experienced by a large subset of patients (49.3%) and is associated with a substantial impact on QoL, increased antiviral prescription, including those for famciclovir, may have led to reduced disease burden. Indeed, 1 Represents the proportion of total population. 2 Results are based on patients with available data among patients who used respective health care resource. 3 Represents the number of times each resource was used. 4 Represents the duration in days. 5 Represents the mean cost of each resource use per patient in Brazilian Real (BRL). 6 Of the 36 patients employed prior to HZ development, 33 reported any missed days of work during the 180-day period (including entire work days, partial work days or extended sick leave). 7 Represents the number of times work was missed. HCRU, health care resource utilization; NA, not applicable; NC, non-calculable; SD, standard deviation.
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early antiviral treatment initiation has been shown to decrease acute HZ severity; however, published studies suggest that antiviral treatment has negligible impact on PHN incidence, though it has been shown to shorten the duration of PHNassociated pain (5). Our study also highlights the importance of including work loss when assessing the economic value of any intervention aiming to control HZ. Among the 36 patients employed prior to HZ development, the vast majority [n=33 (91.7%)] reported any missed work days during the 180-day observation period.
The present study had several limitations. Although HZ generally affects elderly populations, the patient population in the present study, which only included patients above 50 years of age who sought HZ care, may have omitted certain HZ patients. This may have introduced a selection bias, as older HZ patients generally report worse pain and QoL scores, higher rates of analgesic use and a higher risk of complications (31, 32) . In addition, the utilization of health questionnaires is associated with certain limitations. Firstly, the results may have been subject to important patient variability, particularly as the main assessments were patientreported outcomes (pain and QoL). Their use further carries the risk of recall bias, as prevalent cases were included in the study. Finally, despite the limited ability to conduct a comprehensive pharmacoeconomic analysis due to patients' selfreporting their HZ-related costs, previous studies have shown the economic benefits of implementing a zoster vaccination program among the elderly (33) . Moreover, misclassification of outcomes may have been introduced in the analysis as the diagnosis of HZ was not confirmed by laboratory testing and solely relied on physicians' assessments of the rash and patients' reporting of pain. Additionally, the inclusion of only one study site decreases the external validity of the results; however, the current results are in line with those reported in the literature (34) .
Overall, this study highlights the significant disease burden associated with HZ and PHN. The high levels of ZAP correlated with a substantial impact on QoL over time. Although pain was generally alleviated over time, an important subset of patients experienced long-term PHN. These findings, as well as the high rates of HCRU observed in the study, support the need for the implementation of early intervention and prevention programs such as vaccination to reduce the HZassociated disease burden in Brazil.
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